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my research in ~5 min.
•  I’ve worked on… 

2007: NMSSM Higgs bosons  
(central exclusive production @ LHC).
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Figure 1: Central exclusive NMSSM Higgs production at the LHC.

our purpose to exploit this capability to eliminate backgrounds and extract the masses of

both the h and a on an event-by-event basis. We note that the possibility to use CEP to

investigate new physics (especially supersymmetric new physics) has been much studied

over the past few years, see [15–18].

The pp → p + 4τ + p event rate is proportional to

Γeff

m3
h

≡
Γ(h → gg)

m3
h

BR(h → aa)BR(a → τ+τ−)2 (1.1)

and to a mh-dependent luminosity function, which characterises the flux of fusing gluons.

For those points with minimal electroweak fine-tuning (F < 15 in the notation of [1, 11]1)

there is a factor ∼ 3 variation in the value of Γeff . If one also imposes that the “light-a-

fine-tuning” parameter G (defined in [12]) obeys G < 25 in order to achieve ma < 2mb

and BR(h → aa) > 0.7 (as required to escape LEP limits)2, then the variation of Γeff is

reduced to a factor ∼ 2, with the precise amount of variation depending somewhat on mh,

tan β and ma. The dependence of Γeff upon mh is presented in Figure 2, for two different

values of tan β. The points correspond to points in parameter space which have F < 15

and G < 25 and they are coded according to ma. Scatter plots at these two values of tan β

cover the most natural region of NMSSM parameter space, since for larger value of tan β it

is not possible to keep both F and G sufficiently small. We note that ma < 2mτ generally

leads to G > 50, for all values of tan β, and thus the four-tau decay channel is always most

natural. The second part of the production cross-section is the gluon luminosity function

and it falls by a factor ∼ 2 in going from mh = 90 GeV to mh = 110 GeV [15]. Including

the explicit 1/m3
h dependence of (1.1), the production cross-section therefore falls by a

factor ∼ 3 as mh increases from 90 GeV to 110 GeV at fixed Γeff .

In the present paper we focus our attention on a scenario for which the scalar Higgs,

h, has mass 92.9 GeV, and the pseudo-scalar Higgs, a, has mass 9.73 GeV. This scenario

can be achieved with F < 15 and G < 25 for either tan β = 3 or tan β = 10. For our

study, we employ a value of Γeff = 0.50 × 10−4 GeV2, i.e. the lowest value that can be

achieved according to the scatter plots of Figure 2. The value of mh chosen is in the middle

of the preferred range of values appearing in Figure 2, implying a mid-range value for the

gluon luminosity. According to the scatter plots of Figure 2, there is a trend whereby

1F < 15 corresponds to fine-tuning of GUT-scale parameters no worse than 6.5%.
2G < 25 corresponds to no worse than 4% tuning of the Aκ and Aλ parameters of the NMSSM.
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.   
[Forshaw, Gunion, Hodgkinson, AP, Pilkington, 0712.3510 ]



my research in ~5 min.
• …and more BSM: 2008: W-primes at NLO  

(MC@NLO/POWHEG) 

[AP, Latunde-Dada, 0901.3685]

4. Results

We present a sample of distributions of variables obtained for ∼ 105 events using the

Wpnlo event generator, both at leading and next-to-leading order, using the MC@NLO (with

Herwig++) and POWHEG methods. The general purpose event generator Herwig++, version

2.2.1 [34], was used. The K-factor (where K = σNLO/σLO) for the considered invariant

mass range and for factorisation/renormalisation scales set to the default NLO scale µ0 =
√

k2
T + Q2 (where kT and Q are the dilepton transverse momentum and invariant mass

respectively) was found to be K ≈ 1.3, in all cases. The plots have been normalised to

unity (apart from figure 10) to emphasise the differences in the shape of the distributions.

For validation purposes, figure 3 presents a comparison of the W boson transverse

momentum distribution, (assuming no W ′) between Tevatron data (taken from [35]) and

the three possible methods: leading order, MC@NLO/Herwig++ and POWHEG. The plots include

events in the invariant mass range (70 − 90) GeV. The MC@NLO/Herwig++ and POWHEG

distributions are evidently in agreement with the data within the statistical Monte Carlo

and experimental uncertanties. The leading order pT distribution is cut off at the W mass

since this provides the only relevant scale in the shower, whereas the MC@NLO/Herwig++

and POWHEG distributions extend to higher transverse momentum.

The subsequent figures in this section represent simulations made for the forthcoming

CERN LHC running at 14 TeV proton-proton centre of mass energy, expected to run in

the second half of 2009. figure 4 shows the variation of the NLO cross section for a 1 TeV

Figure 3: Transverse momentum distribution at the Tevatron obtained for MC@NLO/Herwig++ in
the DIS and MSbar factorisation schemes (PDFs: cteq5d and cteq5m [36] respectively), POWHEG
MSbar (cteq5m) and LO (PDF: MRST2001LO [37]), in the mass range (70 − 90) GeV.

left-handed W ′ in the invariant mass range [400,5000] GeV with factorisation scale, µF , for
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my research in ~5 min.
• more mythical creatures…  

2010: 3rd generation lepto-quarks searches  
at the LHC,

2011: determination of the helicity structure of 3rd 
generation resonances.

[B. Gripaios, AP, K. Sakurai, B.R. Webber,  1010.3962]  

[AP, K. Sakurai,  1112.3956]  



my research in ~5 min.
• QCD resummation:

2009/10: Effects of QCD on inclusive observables 
(e.g. the total invariant mass) 

[AP, Webber, 0903.2013, 1002.4375]

• Resummation of the “associated transverse energy” in 
Higgs boson production:

[AP, Webber, Smillie, 1002.4375] and [Grazzini, AP, Webber, Smillie, 1403.3394]

ET =
X

i

|pTi|

h

P P



my research in ~5 min.

• 2014: SUSY decays to Higgs bosons:
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Figure 1. The tree-level diagrams for the relevant �̃0

2

and �̃±
1

production.

2 The �̃0
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�̃±
1

! (h�̃0

1

)(W±�̃0

1

) mode

In this section we describe the setup of our analysis and clarify the assumptions we made in
the chargino and neutralino sectors. Moreover, we discuss the cross sections and branching
ratios of the production and decay modes relevant to our analysis.

2.1 The setup

Throughout this paper we consider CP-conserving EW gaugino sector and assume m�̃0

2

'
m�̃±

1

> m�̃0

1

for simplicity. This relation is realised in many SUSY breaking scenarios,
particularly in the cases where |µ| � M

2

> M
1

and M
2

� |µ| > M
1

. The former case is
motivated by the heavy scalar scenario. In the MSSM, the soft scalar masses for Hu and
Hd and the µ-parameter are related by the EW symmetry breaking condition [40]

m2

Z

2

=

m2

Hd
� m2

Hu
tan

2 �

tan

2 � � 1

� |µ|2 . (2.1)

This condition implies that the µ-parameter is expected to be of the same scale as the scalar
masses, unless mHu and mHd are carefully tuned at the EW scale in such a way that the
first terms in the right hand side of Eq. (2.1) becomes unnaturally small.2

In this section we assume the scale of µ is equal to the scalar masses and |µ| � M
2

>

M
1

> 0. However, the collider analysis described in Section 3 is applicable to other scenarios
as far as the ˜N ˜C± ! (h�)(W±�) topology is concerned, where ˜N and ˜C± are massive BSM
particles with the same mass and � is an invisible particle with an arbitrary mass. One
such scenario involves a bino LSP scenario with a higgsino NLSP, M

2

� |µ| > M
1

. The
application also includes gravitino LSP scenarios with wino or higgsino NSLP as discussed
for example in [36–39], where the same topology is realised by �̃0

1

�̃±
1

! (h ˜G)(W±
˜G) with

˜G being gravitino. We will get back to this point in the end of this section.

2.2 The cross sections

Fig. 1 shows the tree-level diagrams for the relevant modes of �̃0

2

and �̃±
1

production.
There are two types of diagrams which may interfere: s-channel diagrams with gauge
boson exchange and t-channel diagrams with squark exchange. The t-channel diagrams are
suppressed by the squark mass and it is expected that the contribution of this diagram
decreases as the squark mass increases.

2Even in that case, the same size of tuning is required on the µ-parameter.
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with: h ! ⌧+⌧�

[AP, Sakurai, Takeuchi, 1404.1077]

• 2013: the colour structure of the the Tevatron top-anti-
top asymmetry:

[Gripaios, AP, Webber, 1309.0810]



my research in ~5 min.
• 2012-14: Higgs boson pair production @ LHC,  

• (and constraining the Higgs boson self-coupling)

• searches: pp ! hh ! (bb̄)(W+W�)

use σ(hh)/σ(h)

g

t, b
t, bg

g

g h

h

h

h

 [AP, Yang, Zurita,1209.1489]

pp ! hh ! (bb̄)(bb̄)

[Goertz, AP, Yang, Zurita, 1301.3492]

[Ferreira de Lima, AP, Spannowsky, 1404.7139]



my research in ~5 min.
• 2012-14: Higgs boson pair production @ LHC,  

• improved Monte Carlo description using merged 
matrix elements obtained via OpenLoops. 

[Maierhöfer, AP, 1401.0007]

• dimension-6 operator extension of the SM: what can 
we learn from hh production?

[Goertz, AP, Yang, Zurita, 1301.3492]



my research in ~5 min.
• a very brief summary: 

• collider phenomenology, including: 

• QCD effects,  

• BSM physics,  

• Monte Carlo event generators (Herwig++). 

• and more recently: Higgs boson pair production.



at this very moment:
• more on D=6 Higgs boson pair production, 

• more on hh+1 jet: can we learn something more on the 
self-coupling?  

• + interface between MG5_aMC@NLO and Herwig++

(particularly FxFx merging). 



Thanks for your attention!

questions? 

(with apologies to Peter Higgs)


